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Abstract 
Organochlorine pesticides (OCPs) are ubiquitous environmental contaminants with adverse 
impacts on aquatic biota, wildlife and human health even at low concentrations. However, 
conventional methods for their determination in river sediments are resource intensive. This 
paper presents an approach that is rapid and also reliable for the detection of OCPs. 
Accelerated Solvent Extraction (ASE) with in-cell silica gel clean-up followed by Triple 
Quadrupole Gas Chromatograph Mass Spectrometry (GCMS/MS) was used to recover OCPs 
from sediment samples. Variables such as temperature, solvent ratio, adsorbent mass and 
extraction cycle were evaluated and optimised for the extraction. With the exception of 
Aldrin, which was unaffected by any of the variables evaluated, the recovery of OCPs from 
sediment samples was largely influenced by solvent ratio and adsorbent mass and, to some 
extent, the number of cycles and temperature. The optimised conditions for OCPs extraction 
in sediment with good recoveries were determined to be 4 cycles, 4.5 g of silica gel, 105 ᴼC, 
and 4:3 v/v DCM: hexane mixture. With the exception of two compounds (α-BHC and 
Aldrin) whose recoveries were low (59.73 and 47.66 % respectively), the recovery of the 
other pesticides were in the range 85.35 – 117.97% with precision < 10 % RSD. The method 
developed significantly reduces sample preparation time, the amount of solvent used, matrix 
interference, and is highly sensitive and selective. 
Keywords: organochlorine pesticides determination; river sediment; accelerated solvent 
extraction; method optimization; in-cell clean-up. 
 
1.0 Introduction  
Sediment plays an important role in the quality of aquatic ecosystems as it has long residence 
time and serves as an archive for pollution indexing [1]. However, post-depositional actions 
(such as water flow velocity, floods, tides or wave, desorption and various diagenetic 
processes) can mobilise and release back sediment bound pollutants into the overlying waters 
or transport them from the point of entry to other areas, where they can negatively impact the 
environment [2]. 
Among sediment pollutants, organochlorine pesticides have attracted wide attention over the 
years due to their ubiquitous anthropogenic origin, persistence, bioaccumulative and long 
range transportation [3]. Nine out of the initial “dirty dozen” persistent organic pollutants 
(POPs) identified by the Stockholm Convention on POPs in 2001 are organochlorine 
pesticides (OCPs) [4]. Together with their degradation products, OCPs are potentially toxic 
and have adverse impacts on aquatic biota, wildlife and human health [5; 6 & 7]. 
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Although most OCPs were banned about three decades ago, their presence and effects still 
linger on due to their resistance to photochemical, biological and chemical degradation in the 
environment. In the aquatic environment, OCPs tend to accumulate in sediments and biota 
because of their hydrophobic character and low solubility in water [8]. 
Sediment is also a complex heterogeneous matrix with varying physical, chemical and 
biological characteristics [9] and as such, appropriate preparation procedures and techniques 
are necessary to detect and quantify their OCPs content. Although there are conventional 
methods for the determination of OCPS in sediment, most of them are long, laborious, and 
costly [10]. They also require constant operator attention as each step involves manual 
transfer of sample, which eventually increases the likelihood of introducing error that could 
affect the analytical results [11]. Sample preparation techniques alone have been 
demonstrated to account for greater than 30% of all laboratory error [12]. 
Soxhlet extraction is the most common and efficient method for the extraction of semi- 
volatile compounds from solid samples, and is used as a reference method for newly 
developed methods. However, the extraction time is relatively long. Up to 48 h of extraction 
has been observed in literature [13]. Ultrasonic extraction is often used for extraction of solid 
samples because of its simplicity. Nevertheless, analytes are usually under recovered and 
recovery of <60% has been encountered [14]. Microwave-assisted extraction is a more 
convenient method in terms of sample throughput and recoveries between 79.78 to 117.70% 
have been observed [15]. However, in terms of safety, extreme caution has to be exercised 
when microwave-assisted extraction is used for the extraction of organic compounds.  
Therefore, a sample preparation technique that is quick, reliable, safe and automated for the 
detection of OCPs in sediments is highly desirable. Compared to established techniques such 
as Soxhlet and sonication, accelerated solvent extraction (ASE) generates results in a much 
shorter time. In addition, filtration and clean-up of solid samples can also be achieved as part 
of the solvent extraction process in a single step [16], which is lacking in microwave-assisted 
extraction. However, till date, extraction and clean-up are done separately when utilizing 
ASE for the extraction of OCPs in sediment [17; 18 & 19]. 
To evaluate the possibility of combining the extraction and clean-up steps into a single ASE 
step for the extraction of OCPs, a 24 factorial design of experiments was employed to screen 
and optimise the most significant factors that affect the analytical recovery of eighteen (18) 
OCPs in sediment. The variables considered were: ratio of dichloromethane in 
dichloromethane: n-hexane mixture, extraction temperature, extraction cycle and adsorbent 
mass. The optimised method was used for the extraction of OCPs in certified sediment (SRM 
941b). All extracts were analysed using gas chromatography coupled with tandem mass 
spectrometry (GCMS/MS) operated in multiple reaction monitoring (MRM) mode and an 
optimum determination method for the mass spectrometric assays was also developed. This 
allows the detection of some organochlorine pesticides down to parts per trillion (ppt) levels. 
The method is very selective as well as highly sensitive and reduces the cost and time of 
analysis drastically. 
2.0 Material and methods  
2.1. Reagents and standards 
Hexane, methanol and acetone used were all SupraSolv®, ECD and FID grade and purchased 
from Merck Millipore (VIC, Australia). Dichloromethane, Honeywell Burdick and Jackson 
ACS/HPLC grade was purchased from Chem-Supply (SA, Australia).  
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Standard stock mixture (in hexane: toluene 2000 μg/mL) containing Alpha-benzene 
hexachloride (α-BHC), Beta-benzene hexachloride (β-BHC), Gamma-benzene hexachloride 
(γ-BHC), Delta-benzene hexachloride (δ-BHC), Heptachlor, Aldrin, Heptachlor-exo-epoxide, 
α-endosulfan, 1, 1-dichloro-2, 2-bis (p-chlorophenyl) ethylene (p,p’-DDE), Dieldrin, Endrin, 
β-endosulfan, p,p’-dichlorodiphenyldichloroethane (p,p’-DDD), p,p'-
dichlorodiphenyltrichloroethane (p,p'-DDT), Endrin aldehyde, Endosulfan sulfate, Endrin 
ketone,  and Methoxychlor was purchased from Supelco Sigma-Aldrich Pty. Ltd (NSW, 
Australia). Pentachrolonitrobenzene (5000 μg/mL in methanol) and 2, 4, 5, 6-Tetrachloro-M-
Xylene (TMX) (200μg/mL in methanol) from Supelco Sigma-Aldrich Pty. Ltd (NSW, 
Australia) were used as internal and surrogate standards, respectively. Intermediate standard 
solutions of 2 and 1µg/mL each from the standard composite and surrogate solutions 
respectively as well as 50µg/mL from internal standard solution were prepared from their 
respective stock standards by pipetting 10, 50 and 100µL aliquots into 10mL volumetric 
flasks and diluting to the mark with hexane and methanol, as appropriate. Six calibration 
standards ranging from 1 to 500ng/mL were prepared by diluting the intermediate mixture 
and surrogate standard solutions while keeping the concentration of internal standard constant 
at 500ng/mL throughout in the same manner as described above. All solutions were stored in 
polytetrafluoroethylene (PTFE)-sealed glass vials covered with aluminium foil and kept 
under refrigeration at 4ᴼC. All solutions were used within nine months after receipt, which is 
less than the one year recommended for storage by the supplier and USEPA [20]. Calibration 
checks were routinely run to check the stability of the analytes. 
Silica gel (230 – 400 mesh ASTM), copper (>230 mesh ASTM) and acid washed calcined 
sea sand were purchased from Merck Millipore (VIC, Australia). Diatomaceous earth was 
obtained from Thermo Fisher Scientific Australia Pty Ltd (VIC, Australia). Silica gel was 
activated at 130oC for 16 hours, cooled in a desiccator and deactivated using 3.3% ultrapure 
water (UPW) with 18.2 MΩ-cm resistivity before being used. Sea sand and diatomaceous 
earth were baked at 450◦C for 4 hours, and then allowed to cool down in a desiccator. Copper 
was rinsed with hydrochloric acid and solvents (water, methanol, and dichloromethane) and 
then used to remove any sulphur that might be present in the sediment that would have 
interfered with chromatogram of the analytes. 
 
2.2. Design of study and optimization 
Univariate optimization approach involving changing one variable at a time in a systematic 
way and noting its effect on the analyte recovery is lengthy and ignores the possibility of 
interactions between the variables under investigation [21]. It is complex and protracted when 
large number of variables are involved [22] and, does not necessarily lead to robust extraction 
conditions nor does it provide reliable, quantitative models of the process that can be used for 
analyte recovery, optimization and quality control [23 & 24].  
According to Kazmer et al. [23], the identification of optimal extraction conditions is best 
accomplished with Design of Experiments (DoE) approaches. DoE is a structured, efficient 
method that simultaneously investigates multiple experimental variables using a minimal 
number of experiments. DoE measures the response of every possible combination of factors 
and factor levels to evaluate the significance of the factors and their interactions at the lowest 
experimental costs [25]. 
A simplified overview of the design and analysis of two-level screening experiments is given 
in [26 & 27]. The main steps in the approach are to: identify the purpose of the design; 
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identify the factors and factor settings that affect response; select a design to generate 
treatment combinations (design matrix) and experimentally run all treatments to obtain the 
responses; export response results into the design matrix and perform statistical analysis for 
obtaining the influence order of all factors and screening insignificant factors using ANOVA; 
use response surface methodology (RSM) to generate simulation cases with the remaining 
significant factors and run all simulations using a reservoir simulator; export simulation 
results for calculating response and perform statistical analysis for obtaining the response 
surface model; and perform further optimization to obtain and validate the optimal design 
[27]. Detailed mathematical and statistical theories behind DoE and RSM can be found in 
[28].  
The preliminary evaluation of the significance of the variables and optimization process for 
the recovery of 18 OCPs in sediment were carried out using a two level factorial design.  
Maximum and minimum levels of each factor (Table 1) were established using data from 
previous unpublished experiments. The variables chosen were ratio of dichloromethane in 
dichloromethane: n-hexane mixture, extraction temperature, extraction cycle and adsorbent 
mass resulting in 16 treatments (Table 2). A pressure of 1500 psi (10342.14 kPa) has been 
observed as the optimum extraction pressure for all ASE applications [29]. Therefore, a fixed 
pressure of 1500 psi (1034.21kPa) is used for all ASE extractions in this study and pressure 
was not varied in the screening process. All the experiments were carried out in random order 
using the extraction yield (%) of the 18 OCPs as analytical responses. The effects of the 
extraction conditions on the recovery of the OCPs were analysed using Minitab Release 16. 
Table 1.  Maximum and minimum levels of variables for factorial design 
Variable 
Level 
Low High 
Number of cycles 2 4 
Adsorbent mass 3 10 
Temperature 100 110 
Solvent ratio 0.43 1 
 
2.3. Extraction and analysis 
Extractions were performed with Dionex ASE 350 system (Thermo Fisher Scientific 
Australia Pty Ltd VIC, Australia) equipped with 33mL stainless-steel extraction cells and 
250mL collection bottles. The packing of the extraction cell is outlined in Figure 1. An 
extraction cell was first loaded by inserting a glass fibre filter into the cell outlet, followed by 
4.5g of silica gel, 1g of activated copper, another filter and a mixture of 5g of freeze-dried 
sample and 5g diatomaceous earth. 
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Table 2. Design matrix for pesticides optimization experiments 
StdOrder RunOrder 
Number 
of cycles 
Adsorbent 
mass (g) 
Temperature 
(ᴼC) 
Solvent 
ratio (v/v) 
2 1 4 3 100 0.43 
12 2 4 10 100 1 
14 3 4 3 110 1 
16 4 4 10 110 1 
3 5 2 10 100 0.43 
13 6 2 3 110 1 
5 7 2 3 110 0.43 
15 8 2 10 110 1 
4 9 4 10 100 0.43 
1 10 2 3 100 0.43 
10 11 4 3 100 1 
7 12 2 10 110 0.43 
6 13 4 3 110 0.43 
9 14 2 3 100 1 
8 15 4 10 110 0.43 
11 16 2 10 100 1 
 
 
 
 
 
 
Figure 1: Schematic diagram of accelerated solvent extraction (ASE) cell packing for     
extraction (sketched by Godfred Duodu).                            
All samples were spiked with 100µL of 1µg/mL surrogate standard before extraction. The 
clean extract was concentrated to about 3mL by CHRIST-vacuum concentrator SpeedDry 2-
33IR (John Morris Scientific, NSW Australia). The residue was further reduced to 0.5mL by 
blowing a gentle stream of nitrogen and after which 1 µg/mL internal standards added to top 
it up to 1mL for analysis. For recovery experiments, a mixture of 5g of sea sand and 5g 
 
 
Cap 
Mixture of sample and diatomaceous earth 
Fibre glass filter 
Fibre glass filter 
Cap 
Copper powder 
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6 
 
diatomaceous earth was weighed into an extraction cell and spiked with 50µL of 2µg/mL 
standard OCP mixture and 100µL of 1µg/mL surrogate standard before extraction. Matrix 
blanks were prepared in a similar manner but without the surrogate standard. 
Analysis was done on Shimadzu GCMS-TQ8040 with splitless injection, MRM acquisition 
mode and EI ionization in 15.72min. The capillary column RXi-5MS (30m × 0.25mm × 
0.25µm) was used for separations with column flow of 1.6 mL/min. Helium was used as the 
carrier gas. The GC oven temperature was programmed for an initial temperature of 80°C 
held for 1 min, ramped to 150°C at a rate of 50°C/min, ramped to 170 at 18°C/min, held for 
1min, ramped to 220°C at 25°C/min, ramped to 300°C at 17°C/min and then to 320°C at 
40°C/min and held for 4 min. Injector, ion source and interface temperatures were set to 240, 
200 and 280°C, respectively. The mass spectrometer was operated in MRM mode using the 
optimum determination method for the mass spectrometric assays developed (Table S1 in the 
supplementary information). The MRM employs two stages of mass filtering on a triple 
quadrupole mass spectrometer to identify transitions from precursor to product ions. In the 
first stage, the precursor ion is preselected based on mass-to-charge ratio (m/z) by the first 
quadrupole mass filter Q1 and fragmented by collision-induced dissociation in the second 
quadrupole (Q2). The resulting fragments are then transferred to the third quadrupole Q3 
where specific fragment ions (transition ions) are mass analysed in Q3. The sensitivity of the 
method is dependent upon the appropriate tuning of mass spectrometer parameters such as 
collision energy (CE), and cone voltage (CV). 
 
3.0 Results and discussion  
The gas chromatogram of OCPs standard mixture is shown in Figure 2a. All twenty (20) 
OCPs (including surrogate and internal standards) were clearly identified and well resolved 
due to the MRM mode (Figure 2b). The retention time (RT) ranged from 6.243 (TMX) to 
10.633 min (Methoxychlor). Analysis time of 15.72 min was relatively shorter than one 
reported by [30]. For the isomers of BCH, α-BCH eluted first leading other isomers to elute 
in the order as tabulated in Table 3. 
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Figure 2: (a) A representative full scan gas chromatogram of OCPs standard mixture at 10 
ng/ml. 1= TMX (Surrogate standard) 2 = α-BHC, 3 = β-BHC, 4 = γ-BHC, 5 = 
Pentachrolonitrobenzene (Internal standard), 6 = δ-BHC, 7 = Heptachlor, 8 = Aldrin, 9 = 
Heptachlor-exo-epoxide, 10 = α-endosulfan, 11 = p,p’-DDE, 12 = Dieldrin, 13 = Endrin, 14 = 
β-endosulfan, 15 = p,p’-DDD, 16 = Endrin aldehyde, 17 = p,p'-DDT, 18 = Endosulfan 
sulfate, 19 = Endrin ketone,  and 20 = Methoxychlor; (b) A resolved chromatogram of Endrin 
ketone (19)  and Methoxychlor (20) by MRM method. 
 
The instrument detection limit (IDL) also known as limit of detection (LOD), and limit of 
quantification (LOQ) are defined as the minimum analyte concentration or mass that can be 
detected or detected and quantified with acceptable precision, respectively, with the 
instrument. The values of LOD and LOQ obtained are presented in Table 3. The LOD and 
LOQ were calculated based on analysis of replicated (n=7) determinations of OCPs standard 
mixture at 2ng/mL as described in [31] using the equations below; 
𝐿𝐿𝐿 = 𝑡99% × 𝑆                                                        (1) 
𝐿𝐿𝐿 = 10 × 𝑆                                                            (2) 
Where t is the threshold value of student t-distribution at the degree of freedom (n-1) at 99% 
confidence interval, n represents the number of replications (7 in this study), and S denotes 
the standard deviation. The low LOD (0.004-0.134 ng/mL) and LOQ (0.012-0.360 ng/mL) 
make the instrument useful for the trace analysis of targeted OCPs analytes. 
The linearity was determined by correlation coefficients (R2) of the six multilevel calibration 
standards between 1 and 500 ng/mL (Table 3). With the exception of Aldrin, β-Endosulfan, 
Endrin Aldehyde and Endosulfan sulfate with linearity between LOQ and 300 ng/mL, the 
responses were linear between LOQ and 500 ng/mL for most of the pesticides (Table 3). The 
least correlation coefficient determined was 0.988 for β-Endosulfan with the rest above 
0.990. 
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Table 3: Retention time, LOD, LOQ and calibration data for the 18 target OCPs 
Pesticide 
RT 
(min) 
LOD 
(ng/mL) 
LOQ 
(ng/mL) 
Range 
(ng/mL) 
Linearity 
R2 
α-BHC 6.695 0.016 0.043 LOQ-500 0.997 
β-BHC 6.969 0.013 0.035 LOQ-500 0.997 
γ-BHC (Lindane) 7.059 0.025 0.066 LOQ-500 0.996 
δ-BHC 7.297 0.018 0.047 LOQ-500 0.999 
Heptachlor 7.854 0.021 0.055 LOQ-500 0.992 
Aldrin 8.243 0.019 0.052 LOQ-300 0.991 
Heptachlor-exo-epoxide 8.656 0.011 0.031 LOQ-500 0.996 
α-Endosulfan 9.053 0.047 0.127 LOQ-500 0.995 
p,p'-DDE 9.229 0.006 0.016 LOQ-500 0.998 
Dieldrin 9.33 0.019 0.051 LOQ-500 0.995 
Endrin 9.572 0.021 0.057 LOQ-500 0.996 
β-Endosulfan 9.656 0.022 0.060 LOQ-300 0.988 
p,p'-DDD 9.672 0.004 0.012 LOQ-500 0.997 
Endrin Aldehyde 9.846 0.020 0.053 LOQ-300 0.995 
p,p'-DDT 10.071 0.008 0.020 LOQ-500 0.999 
Endosulfan sulfate 10.096 0.134 0.360 LOQ-300 0.994 
Endrin Ketone 10.619 0.017 0.046 LOQ-500 0.998 
Methoxychlor 10.633 0.014 0.038 LOQ-500 0.997 
 
3.1. Screening of the experimental factors using factorial design 
The variables chosen for screening with factorial design were ratio of dichloromethane in 
dichloromethane: n-hexane mixture, extraction temperature, extraction cycle and adsorbent 
mass using the recovery (%) of eighteen (18) OCPs as analytical responses. The data 
obtained were evaluated by analysis of variance (ANOVA) at 95% confidence level using 
Minitab Release16 (Table S2 and S3), and the main effect and interaction plots presented as 
Figures S1-S17 in the supplementary material. All three assumptions of ANOVA analysis: 
normality, constant variance, and independence were met. Using the hierarchical ordering 
principle [32], only the effects of main factors and two factor interactions were considered. 
When the main effects (ratio of dichloromethane in dichloromethane: n-hexane mixture, 
extraction temperature, extraction cycle and adsorbent mass) are the only factors influencing 
the recovery of pesticides, the relationship is often simple as can be observed with the 
recoveries of p,p'-DDD, p,p'-DDT and Methoxychlor in Figure 3. Number of cycles together 
with either mass of adsorbent or temperature were seen to exert the most significant influence 
on the recoveries p,p'-DDD and p,p'-DDT, respectively (Table S2 and S3 in Supplementary 
Information). The recovery of p,p’-DDD  increased from 102 to 123 % when the number of 
cycles was increased from 2 to 4, while reducing the mass of silica gel from 10 to 3 g 
increased its recovery from 106 to 118% (Figure 3a). Similarly, increasing the number of 
cycles from 2 to 4 increased the recovery of p,p'-DDT from 87 to 113%. Likewise, an 
increase in temperature from 100 to 110 ᴼC also increased the recovery from 90 to 110% 
(Figure 3b). On the other hand solvent ratio and adsorbent mass had the most impact on the 
recovery of Methoxychlor with the number of cycles having marginal effect (Table S2 and 
S3). Decreasing the mass of adsorbent from 10 to 3g increased recovery from 42 to 93%. 
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Similarly, a decrease in DCM ratio from 1 to 3:4 v/v also increased recovery from 32 to 
103% (Figure 3c). 
However, when factor interactions come into play, the recovery of pesticides significantly 
depends on the nature of interaction (direct or inverse) and one has to be cautious when 
evaluating the effects of the main factors. Using γ-BHC as an example, Tables S2 and S3 
revealed that mass of adsorbent, solvent ratio and number of cycles significantly influenced 
its recovery whereas pairwise-interactions of adsorbent mass and temperature as well as 
temperature and solvent ratio slightly affected the recovery. Nevertheless, the main effect and 
interaction plots (Figures 4a and 4b, respectively) reveal contrary results. While decreasing 
the DCM content in the hexane DCM mixture from 1 to 3:4v/v and adsorbent mass from 10 
to 3g increased the recovery from 65 - 95% and 63 - 96%, respectively (Figure 4a), an 
increase in temperature from 100 to 110ᴼC at low adsorbent mass (3 g) significantly increases 
the recovery from 75 to 110% (Figure 4b). Similarly, decreasing the DCM content in the 
hexane DCM mixture from 1 to 3:4v/v at low adsorbent mass (3 g) increases the recovery 
drastically from 80 to 105% (Figure 5b). 
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Figure 3: Interpretation of ANOVA results of main effect plots for: a) p,p'-DDD; b) p,p'- 
DDT and c) Methoxychlor. 
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            a) Main effects plot                     b) Interaction plot  
Figure 4: Interpretation of ANOVA results for γ-BHC 
From the screening experiments (Tables S2, S3, and Figures S1-S17 in the supplementary 
material), it could be observed that, increasing the number of cycles significantly increase the 
recoveries of most OCPs while increase in temperature marginally impacted almost all 
a b c 
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pesticides presumably due to degradation at high temperature. Conversely, a general trend of 
increasing recoveries was observed for decreasing DCM content in the hexane DCM mixture 
as well as adsorbent mass.  
3.2 Optimization of extraction conditions  
To select the factors setting that maximize the responses of all compounds, the “response 
optimiser” from response surface design in Minitab was used. From the screening, most 
compounds were affected by similar factors and therefore a factor setting could 
simultaneously maximise the desirability for each compound. The optimized factors setting 
were 3.4 cycles, 6.7g of silica gel, a temperature of 105ᴼC, and 4:3v/v DCM: hexane mixture 
when a central composite design composed of a full 24 factorial was used. These conditions 
provided a composite desirability of 0.80. However, weight of silica gel and number of cycles 
were adjusted to 4.5g and 4 cycles, respectively, to further maximise some compounds whose 
recovery were below 75%.  
The method was validated by recovering the 18 OCPs from seven sea sand replicates spiked 
with 20ng/g of the OCPs standard and compared with the recoveries obtained using US EPA 
method 3545 [33] under the same conditions. The result is shown in Table 4. With the 
exception of two compounds (α-BHC and Aldrin) whose recoveries were low (59.73 and 
47.66%, respectively), the recovery of the other compounds were more than 80% (85.35 – 
117.97) and higher for the optimized method than those registered using the US EPA method 
3545. The extraction and clean-up steps in the optimized method are combined and 
automated while those of the US EPA method 3545 are separate and require manual transfer 
of samples. This could result in the loss of analytes as emphasized by Majors [12].  
In addition, some targeted OCP content (ranging from 1.12 - 4.66ng/g) in marine sediments 
certified reference material, SRM 1941b were extracted with the optimized method (Figure 
5). Detecting these pesticides at the low certified levels, larger amounts of samples similar to 
the amounts analysed in the certification process (10g for GC–ECD analysis and 100g for 
GC–MS) were necessary. However, from Figure 5, good agreement between the obtained 
result and the certified concentration were observed for the 3 OCPs of interest in the SRM 
when 5g of sample was extracted (n=3). Recoveries of 93.04, 105.88 and 98.57% with 
relative standard deviations (RSDs) < 5% were observed for p,p'-DDE, p,p'-DDD and p,p'-
DDT, respectively. This is consistent with published data by Concha-Graña et al. [30], using 
pressurized hot water extraction (PHWE) followed by solid phase micro extraction (SPME) 
and determination by gas chromatography–mass spectrometry method.  
Precision of the method was evaluated at 20ng/g concentration level as repeatability (RSD1) 
and intermediate (RSD2). Repeatability was calculated as within-day RSD1 using seven 
replicates of spiked sea sand within the same day, by the same analyst and equipment. 
Similarly, intermediate precision was calculated as between-day RSD2 using seven replicates 
of spiked sea sand analysed (six within a week and the seventh within three months) by the 
same analyst and equipment. Generally, RSD1 were <10% for all OCPs for both optimized 
and the one using US EPA 3545 methods with >70% of the compounds having RSD1 
typically <5% for the optimized method compared to <40% of the compounds using the US 
EPA method (Table 4) under the same conditions in the same laboratory. In the same way, all 
RSD2 obtained were below 19% with >60 of the targeted OCPs having RSD2 <5% (Table 4).  
Specificity was evaluated with representative chromatograms of standard OCP solution and 
extract of spiked sediment with OCP solution at 20ng/g. The retention times of all 
compounds in both chromatograms were identical as shown in Figure S18 in Supplementary 
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Information. Also, with the aid of the developed MRM, all peaks were well revolved. 
However, the background between RT 8.8 and 10.0 min was a bit noisy which could affect 
low level detection of OCPs eluting in this range.     
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Figure 5:  Recovery of p,p'-DDE, p,p'-DDD and p,p'-DDT in certified reference marine 
sediment SRM 1941b. The error bars represent relative standard deviations (n = 3).  
The method detection limit (MDL) and method quantitation limit (MQL) the minimum 
concentrations of a substance that can be detected and, detected and quantified, respectively 
with 99percent confidence were determined as in equation 1 and 2, respectively. Seven 
fortified sea sand with OCP standard solution at 2ng/ml each, assuming a 5g (dry weight) 
sample was used [34]. The results are shown in Table 4. With the exception of δ-BHC and β-
Endosulfan, MDL calculated for the optimized method was generally very low (in the order 
of 1-100 less) when compared to the one using US EPA method 3545. The MDL and MQL 
are however comparable and sometimes better than the published data achieved for pesticide 
in sediment matrices [35]. 
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Table 4: Comparison of method recovery, variability (expressed as mean percent 
recovery and relative standard deviation respectively) and method detection limit for the 
optimized method and US EPA method 3545. 
PESTICIDE 
a (n=7)   b (n=7) 
% 
Recovery 
RSD1 
% 
MDL MQL RSD2 
 
% 
Recovery 
RSD1 
% 
MDL 
(ng/g) ng/g % 
 
(ng/g) 
α-BHC 59.73 2.44 0.11 0.29 18.32 
 
83.68 6.07 0.7 
β-BHC 101.48 2.31 0.06 0.16 0.87 
 
76.4 1.22 1.4 
γ-BHC  99.67 3.98 0.25 0.67 3.37 
 
82.09 5.2 1.76 
δ-BHC 104.62 2.32 0.26 0.70 7.34 
 
75.58 9.56 0.01 
Heptachlor 85.35 8.46 0.33 0.89 8.19 
 
75.84 0.91 0.7 
Aldrin 47.66 1.29 0.53 1.43 7.74 
 
83.67 4.84 1.98 
Heptachlor-
exo-epoxide 88.13 3.61 0.12 0.32 4.66 
 
82.02 8.77 0.7 
α-Endosulfan 94.4 5.45 1.80 4.87 2.43 
 
88.4 9.39 1.67 
p,p'-DDE 95.33 6.56 0.31 0.83 2.08 
 
89.22 8.05 4.12 
Dieldrin 95.57 4.08 0.51 1.37 1.95 
 
87.06 8.79 3.62 
Endrin 104.44 2.23 0.64 1.72 2.61 
 
74.69 6.91 2.71 
β-Endosulfan 116.9 1.36 2.25 6.08 17.53 
 
81.56 8.29 1.07 
p,p'-DDD 117.97 2.01 0.07 0.19 1.32 
 
103.45 6.42 6.21 
Endrin 
Aldehyde 112.54 7.57 0.33 0.89 1.04 
 
77.43 1.49 0.9 
p,p'-DDT 104.44 1.18 0.15 0.41 3.85 
 
78.6 5.75 5.4 
Endosulfan 
sulfate 109.89 1.62 0.18 0.48 3.43 
 
80.74 2.19 0.99 
Endrin Ketone 99.85 1.16 0.51 1.37 9.04 
 
90.43 1.43 1.28 
Methoxychlor 99.88 2.7 0.09 0.25 7.00 
 
80.81 3.05 1.4 
             a-Analysis using our optimized method.    b- Analysis using US EPA method 3545 (USEPA 1996) 
 
3.3 Analysis of river sediment with the optimized method 
The optimized method was applied for the determination of OCPs in sediment samples 
collected from eleven different sites in the Brisbane River, Australia (Table S4 in the 
supplementary material). Four compounds p,p'-DDE, dieldrin , p,p'-DDD and p,p'-DDT were 
detected at all sampling sites. Their concentrations ranged between 6.34 - 16.44, 5.34 - 15.55, 
7.40 - 12.88 and 7.13 - 17.14, respectively. However, α-BHC, Endosulfan sulfate and Endrin 
were recorded at one, two, and three sites with mean concentrations of 7.26 ± 0.01, 9.16 ± 
0.06 and 6.08 ± 1.13ng/g, respectively. The observed trend was consistent with the published 
data by Müller et al., [36] for the Brisbane River. 
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4.0 Conclusions 
The recovery of the majority of the OCPs studied was largely influenced by solvent ratio and 
adsorbent mass, but some were also affected by the number of cycles and temperature. 
However, Aldrin was unaffected by any of the variables evaluated. This could explain the 
low recovery of Aldrin from sediment with the method developed. Optimal conditions for 
OCPs extraction in sediment with good recoveries were determined to be 4 cycles, 4.5g of 
silica gel, 105ᴼC, and 4:3v/v DCM: hexane mixture.  
With the exception of two compounds (α-BHC and Aldrin) whose recoveries were low. The 
recoveries of the other pesticides were more than 80% when the optimised method was used 
to recover the pesticides from spiked sea sand. Therefore this method is accurate and 
convenient for the extraction of most of the OCPs studied. Also, the proposed method is 
relatively more rapid and sensitive than the conventional methods used for the extraction of 
OCPs in sediment. Additionally, the extraction and clean-up steps are combined into a single 
step, which is automated and therefore minimize sample loss during sample preparation. 
 
Supplementary Information 
The Supplementary Information provides tables derived from optimized MRM transitions, 
ANOVA P-values and summary of the effects of Extraction variables on recovery (%) of 
OCPs at 95% confidence level as well as mean concentration of OCPs in sediment samples 
collected from Brisbane River Australia. In addition, figures for the interpretation of 
screening effect of variables and OCPs chromatograms comparison for specificity are also 
provided. 
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Table S1 Optimized MRM transitions of 20 pesticides on the Shimadzu GCMS TQ8040 
18 
 
 
Pesticide 
Quantitative MRM 
Transition Qualitative MRM Transitions 
Transition 1 CE 1 (V) Transition 2 
CE 2 
(V) Transition 3 
CE 3 
(V) Transition 4 
CE 4 
(V) 
2,4,5,6-Tetrachloro-m-
xylene (SS) 241.90>207.00 15 241.90>172.10 20 241.90>136.00 25 0.00>0.00 0 
α-BHC 218.90>182.90 8 218.90>144.90 20 0.00>0.00 0 0.00>0.00 0 
β-BHC 218.90>182.90 8 218.90>144.90 20 0.00>0.00 0 0.00>0.00 0 
γ-BHC 218.90>182.90 8 218.90>144.90 20 0.00>0.00 0 0.00>0.00 0 
Pentachloronitrobenzene 
(IS) 292.90>262.80 8 292.90>234.80 10 292.90>199.80 35 0.00>0.00 0 
δ-BHC 218.90>182.90 8 218.90>144.90 20 0.00>0.00 0 0.00>0.00 0 
Heptachlor 271.80>236.90 20 236.85>143.00 20 271.80>234.90 38 0.00>0.00 0 
Aldrin 293.00>255.00 20 293.00>221.00 26 239.00>257.00 20 0.00>0.00 0 
Heptachlor-exo-epoxide 352.80>262.90 14 352.80>281.90 12 0.00>0.00 0 0.00>0.00 0 
α-Endosulfan 240.90>170.00 18 338.90>160.00 18 0.00>0.00 0 0.00>0.00 0 
19 
 
p,p'-DDE 317.90>246.00 15 317.90>283.00 12 0.00>0.00 0 0.00>0.00 0 
Dieldrin 276.90>241.00 8 276.85>206.00 14 263.00>193.00 30 0.00>0.00 0 
Endrin 262.90>192.00 30 280.90>245.00 11 0.00>0.00 0 0.00>0.00 0 
β-Endosulfan 241.00>170.00 18 241.00>206.00 8 194.95>159.00 15 0.00>0.00 0 
p,p'-DDD 235.00>165.00 24 235.00>199.00 16 0.00>0.00 0 0.00>0.00 0 
Endrin Aldehyde 344.90>280.80 10 344.90>209.00 25 344.90>244.90 25 0.00>0.00 0 
p,p'-DDT 235.00>165.00 24 235.00>199.00 16 0.00>0.00 0 0.00>0.00 0 
Endosulfan sulfate 271.90>235.00 16 271.90>237.00 15 386.80>288.80 6 386.80>252.90 8 
Endrin Ketone 317.00>245.00 18 317.00>101.00 18 317.00>281.00 16 0.00>0.00 0 
Methoxychlor 227.10>169.10 24 227.10>212.10 14 0.00>0.00 0 0.00>0.00 0 
*    SS- Surrogate standard;       IS- Internal Standard; CE- Collision energy 
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Table S2 ANOVA P-values at 95% confidence level on % recovery of OCPs 
Pesticide 
Number 
of 
cycles 
Adsorbent 
mass 
(g) 
Temperature 
(ᴼC) 
Solvent 
ratio 
(V/V) 
Number 
of cycles* 
Adsorbent 
mass 
Number of 
cycles* 
Temperature 
Number 
of 
cycles* 
Solvent 
ratio 
Adsorbent 
mass* 
Temperature 
Adsorbent 
mass* 
Solvent 
ratio 
Temperature* 
Solvent 
ratio 
α-BHC 0.123 0.036 0.141 0.062 0.692 0.071 0.287 0.053 0.751 0.136 
β-BHC 0.04 0.004 0.238 0.002 0.394 0.63 0.097 0.809 0.005 0.101 
γ-BHC 0.009 0.003 0.088 0.004 0.733 0.083 0.752 0.047 0.122 0.037 
δ-BHC 0.016 0.009 0.92 0.001 0.549 0.181 0.846 0.939 0.253 0.718 
Heptachlor 0.688 0.128 0.046 0.103 0.443 0.13 0.145 0.441 0.743 0.525 
Aldrin 0.787 0.677 0.27 0.503 0.775 0.347 0.367 0.686 0.601 0.871 
Heptachlor-exo-
epoxide 0.013 0.001 0.053 0.001 0.235 0.944 0.697 0.42 0.011 0.377 
α-Endosulfan 0.118 0.017 0.864 0.001 0.975 0.64 0.941 0.453 0.704 0.585 
p,p'-DDE 0.141 0.376 0.024 0.896 0.513 0.393 0.381 0.63 0.953 0.907 
Dieldrin 0.02 0.005 0.461 0.003 0.687 0.664 0.495 0.663 0.064 0.942 
Endrin 0.016 0.002 0.47 0.001 0.776 0.569 0.295 0.246 0.015 0.969 
β-Endosulfan 0.009 0 0.029 0 0.154 0.574 0.008 0.854 0 0.071 
p,p'-DDD 0.003 0.026 0.118 0.201 0.356 0.157 0.158 0.254 0.835 0.237 
Endrin Aldehyde 0.134 0 0.193 0 0.973 0.74 0.165 0.894 0 0.192 
p,p'-DDT 0.013 0.122 0.033 0.703 0.516 0.614 0.88 0.618 0.519 0.527 
Endosulfan 
sulfate 0.011 0.001 0.147 0 0.259 0.939 0.014 0.845 0.001 0.163 
Endrin Ketone 0.193 0.002 0.235 0 0.324 0.402 0.277 0.323 0.003 0.327 
Methoxychlor 0.099 0.047 0.779 0.015 0.526 0.93 0.452 0.733 0.553 0.668 
*P-value <0.05 is significant 
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Table S3 ANOVA Summary table for effects of Extraction variables on recovery (%) of OCPs 
Pesticide 
Number of 
cycles 
Adsorbent 
mass 
Temperature Solvent 
ratio 
Number of 
cycles* 
Adsorbent 
mass 
Number 
Of cycles* 
Temperature 
Number of 
cycles* 
Solvent 
ratio 
Adsorbent 
mass* 
Temperature 
Adsorbent 
mass* 
Solvent 
ratio 
Temperature* 
Solvent 
ratio 
α-BHC 
11.40 -17.56 10.75 -14.76 -2.58 -14.06 -7.33 -15.52 -2.06 10.93 
β-BHC 
53.79 -85.00 25.36 -66.95 -5.29 1.47 15.75 -13.03 -54.85 38.03 
γ-BHC 
27.09 -35.69 14.51 -29.80 -3.51 -12.31 -0.84 -17.65 -12.89 18.98 
δ-BHC 
48.38 -56.01 1.43 -107.25 -21.15 -2.78 -1.09 -17.57 -5.20 15.13 
Heptachlor 
-0.95 -3.83 5.27 -4.14 2.16 -3.81 -3.65 -2.17 0.90 1.77 
Aldrin 
-0.40 -0.62 1.73 -1.01 0.42 -1.45 -1.38 -0.60 0.78 0.24 
Heptachlor-exo-epoxide 
23.76 -42.55 15.88 -42.17 8.48 -0.46 2.59 -5.52 -24.65 6.09 
α-Endosulfan 
11.76 -21.94 1.12 -46.68 0.20 -3.10 -0.48 -5.07 -2.51 -3.64 
p,p'-DDE 
10.62 -6.10 18.09 0.88 4.45 -5.88 -6.03 -4.10 0.50 0.98 
Dieldrin 
37.12 -50.86 10.72 -56.95 -6.89 7.25 7.57 2.26 -24.39 -0.79 
Endrin 
40.66 -63.68 11.75 -69.64 -7.59 7.76 7.61 6.35 -26.32 -2.15 
β-Endosulfan 
9.08 -31.95 6.60 -47.47 3.65 -1.30 -9.39 -0.42 27.65 -4.97 
p,p'-DDD 
40.51 -31.11 26.20 2.93 0.27 -2.83 5.31 -13.84 -14.62 14.06 
Endrin Aldehyde 
14.48 -56.54 0.70 -64.76 -6.41 -7.87 -13.74 6.90 54.38 -0.71 
p,p'-DDT 
29.03 -18.13 23.16 2.85 2.43 -3.79 -1.38 -6.25 -4.88 2.29 
Endosulfan sulfate 
13.83 -27.36 6.08 -40.82 -4.51 -0.29 -13.14 0.73 27.07 -5.80 
Endrin Ketone 
32.50 -91.37 11.35 -116.83 -13.05 -1.90 -30.39 6.95 88.09 -9.38 
Methoxychlor 
65.76 -77.51 21.92 -79.65 -31.98 11.82 14.58 -1.57 -11.07 -5.30 
Table S4. Mean concentration (in ng/g with n = 3) of OCPs in sediment samples collected from Brisbane River Australia. 
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SP3 Mean ND ND ND ND ND ND ND 2.60 8.92 6.37 ND ND 8.07 ND 11.41 ND ND ND RSD        0.54 0.51 2.81   0.60  3.50    
SP5 Mean ND ND ND ND ND ND ND ND 10.65 5.95 4.78 ND 8.22 ND 10.09 ND ND ND RSD         0.58 2.55 12.37  11.97  1.72    
SP7 Mean ND ND ND ND ND ND ND ND 13.11 15.55 ND ND 10.05 ND 10.90 ND ND ND RSD         0.49 0.45   0.63  1.69    
SP8 Mean ND ND ND ND ND ND ND ND 13.22 6.76 ND ND 9.99 ND 10.51 ND ND ND RSD         0.52 0.43   0.07  8.00    
SP9 Mean ND ND ND ND ND ND ND ND 11.98 6.32 ND ND 9.63 ND 10.17 ND ND ND RSD         0.92 2.74   0.23  0.17    
SP10 Mean ND ND ND ND ND ND ND ND 12.03 7.22 6.81 ND 10.67 ND 9.43 ND ND ND RSD         0.63 3.04 0.76  0.06  0.48    
SP17 Mean ND ND ND ND ND ND ND ND 13.32 6.67 6.66 ND 9.95 ND 9.91 9.16 ND ND RSD         1.29 1.75 4.96  0.01  0.61 0.29   
SP18 Mean ND ND ND ND ND ND ND ND 13.60 7.68 ND ND 10.41 ND 17.14 ND ND ND RSD         2.03 2.52   1.05  0.53    
SP19 Mean ND ND ND ND ND ND ND ND 12.47 7.00 ND ND 11.00 ND 9.46 ND ND ND RSD         0.54 0.91   0.08  1.20    
SP20 Mean 7.62 ND ND ND ND ND ND ND 16.44 6.06 ND ND 12.88 ND 9.66 9.20 ND ND RSD 0.08        0.86 1.99   0.07  1.09 0.21   
SP22 Mean ND ND ND ND ND ND ND ND 6.34 5.34 ND ND 7.40 ND 7.13 ND ND ND RSD                 0.01 0.03     0.15   0.03       
ND- Not detected,   RSD- Relative standard deviation 
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Figure S1 Interpretation of ANOVA results for α-BHC 
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a) Main effects plot                         b) Interaction plot 
Figure S2  Interpretation of ANOVA results for β-BHC 
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a) Main effects plot                     b) Interaction plot 
 
Figure S3  Interpretation of ANOVA results for γ-BHC 
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Figure S4      Interpretation of ANOVA results for δ-BHC 
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Figure S5 Interpretation of ANOVA results for Heptachlor 
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a) Main effects plot                 b) Interaction plot 
 
Figure S6  Interpretation of ANOVA results for Heptachlor-exo-epoxide 
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Figure S7 Interpretation of ANOVA results for α-Endosulfan 
 
 
27 
 
42
75
70
65
60
55
103
110100
75
70
65
60
55
1.000.43
Number of cycles
M
e
a
n
Adsorbent weight
Temperature Solvent ratio
Main Effects Plot for Recovery10
Data Means
 
Figure S8 Interpretation of ANOVA results for p,p'-DDE 
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a)  Main effects plot                          b)     Interaction plot 
Figure S9  Interpretation of ANOVA results for Dieldrin 
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a) Main effects plot                                                b)  Interaction plot 
Figure S10  Interpretation of ANOVA results for Endrin 
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a) Main effects plot                         b)  Interaction plot 
Figure S11 Interpretation of ANOVA results for β-Endosulfan 
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Figure S12  Interpretation of ANOVA results for p,p'-DDD 
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Figure S13 Interpretation of ANOVA results for p,p'-DDT 
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a) Main effects plot                                                   b)   Interaction plot 
Figure S14 Interpretation of ANOVA results for Endrin aldehyde 
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a) Main effects plot                                               b)  Interaction plot 
Figure S15  Interpretation of ANOVA results for Endosulfan sulfate 
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Figure S16  Interpretation of ANOVA results for Endrin ketone 
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Figure S17  Interpretation of ANOVA results for Methoxychlor 
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Figure S18: Comparison of chromatograms of (a) 500 ng/mL OCP standard solution and (b) extract of spiked sediment with 100 ng/mL OCP 
standard. 1- TMX (Surrogate standard) 2 - α-BHC, 3 - β-BHC, 4 - γ-BHC, 5 - Pentachrolonitrobenzene (Internal standard), 6 - δ-BHC, 7 - 
Heptachlor, 8 - Aldrin, 9 -Heptachlor-exo-epoxide, 10 - α-endosulfan, 11 - p,p’-DDE, 12 - Dieldrin, 13 - Endrin, 14 - β-endosulfan, 15 - p,p’-
DDD, 16 - Endrin aldehyde, 17 - p,p'-DDT, 18 - Endosulfan sulfate, 19 - Endrin ketone,  and 20 - Methoxychlor 
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